INTRODUCTION
The industrial production of bromobutyl rubber is based on the interaction of a butyl rubber solution in a hydrocarbon solvent with molecular bromine. The interaction proceeds via the substitution bromination of isoprenyl units of rubber with evolution of hydrogen bromide as a side product [1, 2] . The synthesis of bro mine and its recovery from wash waters are performed via treatment of bromide containing solutions by an oxidant, most frequently chlorine [3, 4] .
The application of a bromide-oxidant system as a bromination agent makes it possible to simplify butyl rubber manufacturing owing to elimination of the stage of bromine production and purification. More over, during oxidative bromination, the degradation of rubber under the action of evolving hydrogen bromide is not observed. This circumstance makes it possible to reduce the requirements on the content of unsaturated bonds and the viscosity of the initial polymer [5] . Thus, a thorough kinetic study of the oxidative bromi nation of butyl rubber is of great interest. This paper concerns the kinetic features of bromination of butyl rubber by a sodium bromide-tert butyl hypochlorite system.
EXPERIMENTAL
The bromination of butyl rubber in the presence of the system under investigation was performed at 283-313 K in glass vessels equipped with locking units. Butyl rubber was preliminarily dissolved in isopentane at room temperature. Sodium bromide (20% aqueous solution) and, subsequently, tert butyl hypochlorite (TBHC) were added to the initial mixture. The stirring of the reaction mixture and the temperature control were conducted by rotation of vessels at a rate of 35 rpm in a thermostatically controlled (±1°С) medium. Sampling was performed at certain intervals, the rubber was isolated, and the halogen content was determined by sample combustion followed by mercu
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Rubber blends were vulcanized according to the ISO 7663 sulfur free method with zinc oxide used as a vulcanizing agent. The kinetics of rubber blend vulca nization was measured according to ISO 3417. Figure 1 shows the evolution in the content of bro mine in the rubber and the intrinsic viscosity of the polymer with time. It is evident that the reaction pro ceeds without any induction period; at the onset of reagent mixing, the rate of the process is maximum and then decreases monotonically. Note that an increase in the rate of mixing (up to 500 rpm) is not accompanied by a change in the kinetic curve. The intrinsic viscosity of the rubber remains almost unchanged during bromination.
RESULTS AND DISCUSSION
The quantitative 1 H NMR data on the content of various halogenated fragments in the rubber are listed in Table 1 . It is seen that the bromination of butyl rub ber by the sodium bromide-TBHC system yields sub stitution products predominantly of the exomethylene structure. Figure 2 shows the rheometric vulcanization curves for rubber blends based on butyl rubber samples obtained by bromination with the sodium bromide-TBHC system and by the conventional method. It can be seen that, in the former case, the rate of rubber vul canization is higher. This finding can be explained by a higher content of bromine in the allyl position.
The reaction order with respect to each component was determined in three series of experiments, in which one of three parameters-the concentration of TBHC, sodium bromide, and isoprenyl units of butyl rubber-was varied, while the two other parameters remained constant. Figure 3 exhibits the initial reac tion rate versus the concentration of the correspond ing reagent in logarithmic coordinates.
Our data show that the reaction order of bromina tion with respect to TBHC is 1.5 in a concentration range significantly lower than the concentration of sodium bromide. When the concentration of TBHC approaches that of sodium bromide, the reaction order with respect to TBHC decreases to 0.8. The reaction order with respect to sodium bromide in a concentra tion range higher than the concentration of TBHC is 0.5. This parameter increases to 0.8 as the concentra 
